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(54) Library apparatus 

(57) In a library apparatus (10), plural recording 
media (48), are received in respective, assigned slots 
(26-1, 26-2, 26-3) in a tray movable between a closed 
position within a housing (12) and, selectively in a first 
mode to a fully opened position affording access to all of 
the slots and respective, assigned recording media 
therein and, in a second mode, to a mail slot access 
position affording access to a mail slot (50) into which 
an individual recording medium is selectively inserted or 
removed. In an insertion operation of the second mode 
and with a recording medium present in the mail slot in 
the closed position of the tray (20), an accessor (28) 
conveys the recording medium from the mail slot, desig- 



FIG. 1(B) 
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nated as a source location, to a respective slot of the 
tray assigned to the recording medium and designated 
as a destination location thereof and, in an ejection 
operation of the mail slot mode, conveys the recording 
medium from the assigned slot of the tray designated as 
a source location to the mail slot, designated as a desti- 
nation location. The controller, further, controls the 
accessor to convey a selected recording medium from 
the respective assigned slot in the tray to a driving unit 
for recording and reproducing operations on the specific 
recording medium and, thereafter, to return the specific 
recording medium to the assigned slot. 



FIG. 1(C) 
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Description 

The present invention relates to a library apparatus 
having a housing into which a tray, having plural storage 
slots storing respective, plural cartridge media, is mova- s 
ble to a closed position at which an accessor selectively 
moves an individual cartridge medium between the tray 
and a drive mechanism in accordance with a move com- 
mand issued from a host computer More particularly, 
the invention relates to such a library apparatus having w 
a mail slot mode in which the tray is opened selectively 
to a mail slot access position for manual insertion of a 
single cartridge medium into the mail slot or manual 
removal thereof from the mail slot, in respective inser- 
tion and removal operations in which the medium is con- 15 
veyed between the mail slot and a respective storage 
slot, controlled by corresponding move commands from 
the host computer and whereby the potential of human 
error in cartridge media exchange operations is elimi- 
nated. 20 

In recent years, due to the increased use of graph- 
ics and large software programs and the large amounts 
of data required therefor, optical disks have become a 
popular storage medium for computers, in view of their 
large memory capacities, exceeding 200 MB; further, 25 
they may be provided as removable cartridges that can 
be used with different optical disk drives. Their popular- 
ity has further increased with the recent development of 
3.5-inch optical disk drives having cost and access 
speeds comparable to those of hard disk drives of just a 30 
few years ago. (Hereinafter, the terms "optical disk", 
"MO cartridges", "cartridge medium" or "media", etc., 
are used interchangeably.) 

A single optical disk cartridge nevertheless has a 
finite memory capacity which may be inadequate for 35 
graphics and other large software programs; thus, desk- 
top type optical disk library apparatuses have become 
- available which accommodate therein a plurality of opti- 
cal disk cartridges which are individually selected by a 
robot hand and loaded thereby into an optical disk drive. 40 
An example thereof is a 3.5-inch magneto-optic (MO) 
disk library apparatus M2532B made by Fujitsu Ltd. In 
this desk-top type optical disk library apparatus, three 
racks can be mounted in a tray of the apparatus; an indi- 
vidual such rack has twelve (1 2) slots which can receive 45 
twelve (12) corresponding MO cartridges. Conse- 
quently, a total of thirty-six (36) MO cartridges can be 
received in the tray. 

Usually, the MO cartridges are inserted into, or 
ejected from, the library apparatus on a rack-by-rack so 
basis. Then, when an ejection switch, provided on a 
control panel of the apparatus, is depressed, the tray is 
pulled out from its fully inserted, or loaded, position 
within the housing of the apparatus so as to extend from 
the front face of the apparatus in a fully opened state, or 55 
position. Each rack is detached from the tray, in the fully 
opened state of the tray, MO cartridges are ejected from 
and/or are inserted into the respective slots of the rack, 



and the rack then is returned to the tray. When the ejec- 
tion switch is depressed, again, the tray is retracted, or 
advanced into its fully loaded position within the housing 
thereby completing the preparation for reading or writ- 
ing operations relative to the newly provided, i.e., 
exchanged, MO cartridge media. 

In one illustrative activity using such a library appa- 
ratus, there is a requirement for exchanging the car- 
tridge media stored in the library apparatus, one by one, 
and processing the data. For example, when data of a 
number of branches of a company distributed all over 
Japan is processed in a main office of the company by 
using respective MO cartridges from those branches, 
on a monthly basis, the MO cartridge of a given branch 
for a current month is exchanged for a medium cartridge 
of the same branch for the previous month which is cur- 
rently stored in the library apparatus. 

As for the activity of exchanging each such MO car- 
tridge, the tray is fully opened by operating the ejection 
switch and, since a respective, fixed slot number has 
been established for every branch, the operator checks 
the respective slot number for the branch name of the 
MO cartridge to be exchanged, finds the respective slot 
by counting the slots in the racks in the tray (or observ- 
ing a location number for the slot), and then exchanges 
the new for the prior, MO cartridge. 

The work of exchanging the MO cartridge, which is 
executed by finding the slot position of the cartridge to 
be exchanged by counting the slot numbers of the racks 
in the tray, presents problems such as imposing a large 
work burden on the operator and causing mistakes in 
the work such that an exchange of an MO cartridge at a 
wrong slot is apt to occur. Usually, not merely a single 
library apparatus but, rather, several library apparatuses 
are connected to the host computer. The number of MO 
cartridges to be exchanged accordingly increases and, 
consequently, further increases the work burden and 
the frequency, of the occurrences of mistakes in making 
such exchanges. The present invention arose in consid- 
eration of solving the above problems of the prior art. 

An embodiment of the present invention may pro- 
vide a library apparatus affording the functions of insert- 
ing and/or ejecting cartridge media by opening or 
closing a tray, and in which tray cartridge media can be 
easily inserted or ejected, on a one-by-one basis, and 
wherein a mistake in an operation of exchanging a new 
cartridge media for a currently stored cartridge media 
can be certainly prevented. 

An embodiment of the present invention may also 
provide such a library apparatus which is operable both 
in a normal mode in which the tray is withdrawn from a 
housing to a fully opened position for inserting or 
exchanging cartridge media and then inserted into the 
housing of the apparatus and also, alternatively and 
selectively, in a mail slot mode in which the tray is 
opened to a mail slot access position permitting inser- 
tion, or withdrawal, of an individual cartridge medium 
from a mail slot of the tray. 
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An embodiment of the present invention may also 
provide a library apparatus operable in accordance with 
commands from a host computer, each command des- 
ignating source and destination locations between 
which a specified cartridge medium is to be moved and 
wherein each of the plural storage slots and a mail slot 
of the tray and a drive unit for operating on an individual, 
selected cartridge medium may be selectively desig- 
nated as one of source location and a destination loca- 
tion in each of plural, different move commands for 
performing cartridge media insertion, ejection, and read 
operations. 

More particularly, a library apparatus embodying 
the present invention has a housing and a tray which is 
movable along a first direction into and out of the hous- 
ing and which has one or more racks detachably 
mounted thereon, each rack having plural slots receiv- 
ing respective cartridge media and which are selectively 
conveyed by an accessor between source and destina- 
tion slots and, more particularly, to such an apparatus 
selectively operable in normal and mail slot modes of 
operation. In the normal mode, the tray is withdrawn 
from the housing to a fully opened position providing 
access to the racks for manual insertion and/or manual 
withdrawal of cartridge media, into or from the respec- 
tive slots, either individually or in bulk, e.g., on a rack-by- 
rack basis. In the mail slot mode, the tray is withdrawn 
from the housing by only a limited extent to a mail slot 
access position, at which a predesignated mail slot is 
accessible for manual insertion of an individual car- 
tridge therein or manual withdrawal of an individual car- 
tridge therefrom, respectively in cartridge insertion and 
cartridge ejection operations. In the insertion operation 
of the mail slot, the tray with the cartridge inserted in the 
mail slot is moved to the closed portion and the car- 
tridge media is conveyed automatically by the accessor, 
in accordance with a moving command, from the mail 
: slot, as a source, to a different, destination slot. Corre- :_ 
spondingly, in the ejection operation of the mail slot 
mode, a cartridge in a respective storage slot of the tray 
is conveyed by the accessor therefrom, as a source, to 
the mail slot, as a destination, and the tray then is 
opened to the mail slot access position. 

More particularly, the library apparatus of an 
- -.embodiment comprises, a housing in which" a tray , is 
received, and movable through, a front portion of the 
housing along a first direction corresponding to the 
depth, or length, of the elongated tray. Plural racks are 
received in the tray, stacked in the first direction and 
each defining plural slots therein, extending in a second 
direction perpendicular to the first direction, the plural 
slots accommodating plural, respective cartridge 
media, such as optical disk cartridges, which are 
inserted thereinto in the second, lateral direction, multi- 
ple such cartridge media thus being stacked in the first, 
depth direction of the tray. 

In the normal mode of operation, the tray is with- 
drawn from the housing to a fully opened position in 



which the racks are removable from the tray and all of 
the slots of each of the racks are accessible for insertion 
thereinto or withdrawal therefrom of respective cartridge 
media. On the other hand, in the mail slot mode, the tray 

s is withdrawn from the housing to only a partially opened 
position (i.e., a mail slot access position), sufficient to 
expose a preselected or predetermined mail slot, such 
as a first or front-most slot in the first rack in the tray; in 
the mail slot access position of the tray and thus in the 

io mail slot mode, typically only the preselected, single 
mail slot is accessible and only a single cartridge 
medium may be manually inserted into or withdrawn 
from the (single) accessible mail slot. 

Operating components and controls of the library 

is apparatus comprise, illustratively, a micro processor 
unit ("MPU") defining therewithin a mode setting unit, a 
medium insertion processing unit, a medium ejection 
processing unit and a read/write medium conveyance 
unit, each thereof interconnected with a host interface 

20 and a device interface, the former providing an intercon- 
nection to a host computer and the latter providing inter- 
connections to various components of the apparatus. 
More particularly, an accessor, provided in the housing, 
is operative for conveying the media selectively between 

25 respective slots assigned thereto in corresponding 
racks of the tray, and constituting source locations, and 
the drive units, likewise disposed within the housing and 
constituting destination locations. 

Within the MPU, a mode setting unit selectively sets 

30 the apparatus in either the normal mode or the mail slot 
mode. The medium insertion processing unit, when in 
the mail slot mode of the apparatus, opens the tray to 
the mail slot access position at which the mail slot is 
accessible for insertion of an optical medium thereinto 

35 and then, after the medium is inserted therein, closes 
the tray. In the closed position of the tray, the medium 
then is conveyed by the accessor, under control of the 

reai^nt^medium conveyance unit, from the mail slot 

to an insertion destination slot assigned to that cartridge 

40 medium, for storage therein. Likewise in the mail slot 
mode but in an ejecting operation, the accessor con- 
veys the medium to be ejected from the assigned slot, 
as a source location, to the mail slot, as a destination 
location, and the medium ejection processing unit then 

45 .opens the tray to the mail slot access position for 
removal of the cartridge media from the mail slot. 

In the above library apparatus, when an individual 
medium is inserted into or ejected from an arbitrary slot 
in the tray, respectively in an insertion or ejection oper- 

so ating state of the mail slot mode, it is sufficient for the 
operator to insert or eject the medium tofirom the mail 
slot in the tray, when opened to the mail slot access 
position, and without the operator being aware of the 
slot in the tray assigned to that medium. 

55 When the mail slot mode is set, the mode setting 
unit defines a specific slot in the tray as the mail slot and 
sets a movement amount of the tray, for moving the tray 
to the mail slot access position. The mode setting unit 
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more particularly defines a slot position, typically in the 
front-most portion of the tray as the mail slot as dis- 
cussed above, so that the medium can be easily, manu- 
ally inserted into or withdrawn from the slot. The 
medium insertion processing unit opens or closes the s . 
tray to permit the medium insertion operation, on the 
basis of a moving command from the host computer, in 
which command the movement source is set to the mail 
slot (i.e., the mail slot is defined as the source of the 
medium to be moved in accordance with the moving to 
command). That is, the mail slot is set as the movement 
source in the moving command as received from the 
host computer, whether or not a medium is detected to 
be present in the mail slot of the tray. 

When no medium is present in the mail slot, the tray is 
is opened to the mail slot access position and a medium 
is then inserted into the mail slot. Subsequently, when 
the operation of an ejection switch for opening or closing 
the tray is detected, the tray is moved to the closed posi- 
tion and the medium is conveyed by the accessor from 20 
the mail slot, set as the source location, to the assigned 
slot, set as the destination location. When the medium 
is present in the mail slot, the medium is immediately 
conveyed by the accessor from the mail slot to the 
assigned slot in the tray. In this case, after the tray is 25 
opened to the mail slot access position on the basis of 
the moving command, the medium insertion processing 
unit monitors the operation of the ejection switch. In the 
case where the operation of the ejection switch is not 
detected, even after a predetermined time has elapsed, 30 
the medium insertion processing unit reports an error to 
the host computer and, after that, closes the tray, the 
apparatus thereby returning to an initial state. 

The medium insertion processing unit also can 
open or close the tray for medium insertion, only, by 35 
operating the ejection switch. That is, the medium inser- 
tion processing unit opens the tray to the mail slot 
access position.- upon ^detecting, the operation of the ^ 
ejection switch, either for opening or closing the tray; it 
subsequently closes the tray when the on-operation of 40 
the ejection switch is detected, and allows the medium 
to be conveyed by the accessor from the mail slot to the 
assigned slot, set as the insertion destination, on the 
basis of a subsequent moving command from the host 
computer and in which moving command the movement 45 
source is set to the mail slot. 

In this case as well, the medium insertion process- 
ing unit monitors the operation of the ejection switch 
after the tray has been opened to the mail slot access 
position and, on the basis of the operation of the ejec- so 
tion switch and when the operation of the ejection switch 
is not detected even after a predetermined time has 
elapsed, an error is reported to the host computer and, 
after that, the tray is closed, thereby returning to the ini- 
tial state. 55 

Further, the medium insertion processing unit 
opens or closes the tray for a medium insertion opera- 
tion by a tray opening command or a tray closing com- 



mand, respectively, from the host computer. That is, the 
medium insertion processing unit opens the tray to the 
mail slot access position when the tray opening com- 
mand from the host computer is received, subsequently 
closes the tray when the tray closing command from the 
host computer is received, and allows the medium to be 
conveyed by the accessor from the mail slot to the inser- 
tion destination slot on the basis of a subsequent mov- 
ing command from the host computer in which the 
movement source is set to the mail slot. 

In this case, as well, the medium insertion process- 
ing unit opens the tray to the mail slot access position 
on the basis of the tray opening command and, after 
that, monitors the receipt of the tray closing command. 
When the tray closing command is not received even 
after the predetermined time has elapsed, the medium 
insertion processing unit reports an error to the host 
computer and, after that, closes the tray, thereby return- 
ing to the initial state. 

On the other hand, when a moving command, in 
which the movement destination is set to the mail slot, is 
received from the host computer, the medium ejection 
processing unit controls the accessor to convey the 
medium from the movement source slot to the mail slot 
as a destination slot and, after that, opens the tray to the 
mail slot access position. In this case, the medium ejec- 
tion processing unit opens the tray to the mail slot 
access position on the basis of the moving command 
and, after that, monitors the on-operation of the ejection 
switch. When the on-operation of the ejection switch is 
not detected even after the predetermined time has 
elapsed, the medium ejection processing unit reports 
an error to the host computer and, after that, closes the 
tray, thereby returning to the initial state. 

Reference will now be made, by way of example 
only, to the accompanying drawings in which:- 

~ —Fig;' 1A is a block diagram -of- a- library apparatus 
embodying to the invention; 
Figs. 1 B and 1 C are fragmentary perspective views 
of a library apparatus embodying the invention, 
showing normal and mail slot modes, respectively, 
of operation of the apparatus; 
_ Fig. 2 is a perspective view of an MO library appa- 
ratus ^ ~ ~-7^'^™"2~ 

Fig. 3 a perspective view of an internal structure of 
the MO library apparatus; 

Fig. 4 is a perspective view of a library apparatus 
embodying the invention having a tray opened in a 
normal mode, as in Fig. 1(B) but on an enlarged 
scale; 

Fig. 5 is a perspective view of a rack insertable in a 

tray of the apparatus of Fig. 4; 

Fig. 6 is an enlarged view of the apparatus in the 

mail slot mode of operation, as in Fig. 1C but on an 

enlarged scale relatively thereto, and illustrating the 

mail slot access position of the tray; 

Fig. 7 is a diagram illustrating operation of an 
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accessor of the library apparatus, performing a 
medium ejection operation; 

Fig. 8 is a perspective view of a rack having a mail 
slot; 

Fig. 9 is a block diagram illustrating the arrange- 5 
ment of hardware elements of the library apparatus; 
Fig. 10 is a functional block diagram of the library 
apparatus shown in Fig. 1(A); 
Fig. 1 1 illustrates an operating system having plural 
library apparatuses in an embodiment of the io 
present invention, coupled to a host computer; 
Fig. 12 is an explanatory diagram of the system of 
Fig. 11; 

Fig. 13 illustrates a medium management table 
used by the library apparatus of Fig. 11; is 
Fig. 1 4 shows a medium information management 
table of the host computer; 

Fig. 15 is a flow chart of the overall control process 
of the library apparatus of Fig. 10; 
Fig. 1 6 is a flow chart of the medium insertion con- 20 
trol functions of the apparatus ; and 
Fig. 1 7 is a flow chart of the medium ejection con- 
trol functions of the apparatus. 

Fig. 1 A is a block diagram used herein for explain- 2s 
ing the principle of operation of an embodiment of the 
apparatus, and Figs. 1 B and 1 C are partially broken- 
away views of the apparatus 10 respectively in first 
("normal") and second ("mail slot") modes of operation 
thereof. As shown in Fig. IB, the library apparatus 10 30 
comprises a housing 10 in which a tray 20 is received in, 
and movable through, a front portion of the housing 10 
in a first direction corresponding to the depth, or length, 
of the elongated tray 20. Plural racks 26 are received in 
the tray 20, stacked in the first direction and each def in- 35 
ing plural slots therein, extending in a second direction 
perpendicular to the first direction, the plural slots 
accommodating plural, respective cartridge media,_ 
such as optical disk cartridges, Inserted thereinto in the" 
second, lateral direction, multiple such cartridge media 40 
thus being stacked in the first, depth direction of the tray 
20. In the illustrative embodiment, three (3) racks 26-1 
and 26-2 and 26-3 are accommodated in the tray 20. 

Fig. 1B shows a "normal mode" of operation in 
which the tray 20 is withdrawn. from the housing 12 to a ~- 45~ 
fully opened position, in which the racks 26 are remova- 
ble from the tray 20 and all of the slots of each of the 
racks 26 are accessible for insertion or withdrawal of 
cartridge media thereinto or therefrom. Fig. 1C, on the 
other hand, illustrates operation of the apparatus 1 2 in a so 
"mail slot mode" in which the tray 20 is withdrawn from 
the housing to only a partially opened position sufficient 
to expose and afford access to a preliminarily defined or 
predetermined mail slot 50, e.g., a first or front-most slot 
in the first rack 26-1 ; in the mail slot access position of ss 
the tray 20 in the mail slot mode, typically only a 
selected, single mail slot 50 is accessible and only a sin- 
gle cartridge medium may be manually inserted into or 



withdrawn from the (single) accessible mail slot 50. 

Fig. 1A is a block diagram illustrating operating 
components and controls of the library apparatus 10, 
comprising illustratively a micro processor unit ("MPU") 
50 defining therewithin a mode setting unit 100, a 
medium insertion processing unit 102, a medium ejec- 
tion processing unit 104 and a read/write medium con- 
veyance unit 106, each thereof connected to a host 
interface 53 and to a device interface 54, the former pro- 
viding an interconnection to a host computer (not 
shown) and the latter providing interconnections to vari- 
ous components of the apparatus 10, as schematically 
shown in Fig. 1A. More particularly, an accessor 28, 
provided in the housing 12, is operative for conveying 
the media selectively between respective slots assigned 
thereto in corresponding racks 26 of the tray 20 and the 
drive units 32 and 34 disposed within the housing 12. 

Within the MPU 51, the mode setting unit 100 
selectively sets the apparatus 10 in either the normal 
mode of Fig. 1B or the mail slot mode of Fig. 1C. The 
medium insertion processing unit 102, in the mail slot 
mode of the apparatus 10. opens the tray 20 to the mail 
slot access position at which the mail slot 50 is accessi- 
ble for manual insertion of an optical medium thereinto, 
and then, after the medium is inserted into and received 
in the mail slot, closes the tray 20. In the closed position 
of the tray 20, the medium then is conveyed by the 
accessor 28, under control of the read/write medium 
conveyance unit 106, from the mail slot to an insertion 
destination slot assigned to that medium, for storage 
therein. Likewise in the mail slot mode but to perform 
the function of ejecting the medium from the assigned 
slot thereof, the accessor 28 conveys the medium to be 
ejected from the assigned slot, as a source location, to 
the mail slot 50, as a destination location, and the 
medium ejection processing unit 104 then opens the 
tray 20 to the mail slot access position thereof for man- 
ualjempval.of the ejected medium. — ~ - 

In the library apparatus of this embodiment, when 
an individual medium is inserted into or ejected from an 
arbitrary slot in the tray in an insertion or ejection oper- 
ating state, respectively, of the mail slot mode, it is suffi- 
cient for the operator to insert or eject the medium 
to/from the mail slot 50 in the mail slot access position 
of the tray without the operator being" aware of what slot 
in the tray is assigned to that medium. For example, the 
operator may determine and select the proper cartridge 
medium to be inserted in the mail slot either on the 
basis of an instruction displayed by the host computer 
on a display screen or, in the case of a media exchange 
operation as in the central bank application of the inven- 
tion discussed above, by reference to a cartridge 
medium currently being ejected. 

In the mail slot mode, the mode setting unit 100 
defines a specific slot in the tray 20 as a mail slot 50 and 
sets a movement amount of the tray 20 corresponding 
to the mail slot access position of the tray. The mode 
setting unit 100 more particularly defines a slot position 



5 

3NSDOCID:<EP 0866452A1 I > 



9 



EP 0 866 452 A1 



10 



in the front-most portion of the tray 20 as the mail slot 
50, as seen in Fig. 1C and as discussed above, so that 
the medium can be easily manually inserted into or 
withdrawn from the slot 50. The medium insertion 
processing unit 102 opens or closes the tray 20, to per- 
mit the medium insertion operation, on the basis of a 
moving command from the host computer, in which 
command the movement source is set to the mail slot 
50 (i.e., the mail slot 50 is defined as the source of the 
medium to be moved in accordance with the moving 
command). That is, the mail slot 50 is set as the move- 
ment source in the moving command as received from 
the host computer, whether or not a medium is detected 
to be present in the mail slot 50 of the tray 20. 

When no medium is present in the mail slot 50, the 
tray 20 is opened to the mail slot access position and a 
medium is then manually inserted into the mail slot 50. 
Subsequently, when the operation of an ejection switch 
24 for opening or closing the tray 20 is detected, the tray 
20 is moved to the closed position and the medium is 
conveyed by the accessor 28 from the mail slot 50, as 
the insertion source, to the assigned slot, set as the 
insertion destination. In this case, after the tray 20 is 
opened to the mail slot access position on the basis of 
the moving command, the medium insertion processing 
unit 102 monitors the operation of the ejection switch 
24. In the case where the operation of the ejection 
switch 24 is not detected, even after a predetermined 
time has elapsed, the medium insertion processing unit 
102 reports an error to the host computer and, after 
that, closes the tray 20, the apparatus thereby returning 
to an initial state. 

The medium insertion processing unit 102 also can 
open or dose the tray 20 for a medium insertion opera- 
tion, responsive to operation of the ejection switch 24. 
That is, the medium insertion processing unit 102 opens 
the tray 20 to the mail slot access position upon detect- 
ing the operation of the- ejection switch- 24; it subse- 
quently closes the tray 20 when the on-operation of the 
ejection switch 24 is detected, and allows the medium to 
be conveyed by the accessor 28 from the mail slot 50 to 
the assigned slot, set as the insertion destination, on 
the basis of a subsequent moving command from the 
host computer and in which moving command the 
movement source is set to theThail siof5077~ ; : ^ - 

In this case as well, the medium insertion process- 
ing unit 102 monitors the operation of the ejection 
switch 24; after the tray 20 has been opened to the mail 
slot access position on the basis of the operation of the 
ejection switch 24 and when the operation of the ejec- 
tion switch 24 is not detected even after a predeter- 
mined time has elapsed, an error is reported to the host 
computer and, after that, the tray 20 is closed, thereby 
returning to the initial state. 

Further, the medium insertion processing unit 102 
opens or closes the tray 20 for a medium insertion oper- 
ation by a tray opening command or a tray closing com- 
mand from the host computer. That is, the medium 



insertion processing unit 102 opens the tray 20 to the 
mail slot access position when the tray opening com- 
mand from the host computer is received, subsequently 
closes the tray 20 when the tray closing command from 
5 the host computer is received, and allows the medium 
to be conveyed by the accessor 28 from the mail slot 50 
to the insertion destination slot on the basis of a subse- 
quent moving command from the host computer in 
which the movement source is set to the mail slot 50. 

io In this case, as well, the medium insertion process- 
ing unit 102 opens the tray 20 to the mail slot access 
position on the basis of the tray opening command and, 
after that, monitors the receipt of the tray closing com- 
mand. When the tray closing command is not received 

is even after the predetermined time has elapsed, the 
medium insertion processing unit 102 reports an error 
to the host computer and, after that, closes the tray 20, 
thereby returning to the initial state. 

On the other hand, when a moving command, in 

20 which the movement destination is set to the mail slot 
50, is received from the host computer, the medium 
ejection processing unit 1 04 controls the accessor 28 to 
convey the medium from the movement source slot to 
the mail slot 50 as a destination slot and, after that, 

25 opens the tray 20 to the mail slot access position. In this 
case, the medium ejection processing unit 104 opens 
the tray 20 to the mail slot access position on the basis 
of the moving command and, after that, monitors the on- 
operation of the ejection switch 24. When the on-opera- 

30 tion of the ejection switch 24 is not detected even after 
the predetermined time has elapsed, the medium ejec- 
tion processing unit 104 reports an error to the host 
computer and, after that, closes the tray 20, thereby 
returning to the initial state. 

35 As before noted, a plurality of racks 26, each having 
a plurality of slots in which the media can be received, 
are arranged in the tray 20 of the library apparatus 10, 
--—stacked in Jhe, first/depth direction. The medium inser- 
tion processing unit 102 and the medium ejection 

40 processing unit 1 04, therefore, also are selectively oper- 
able to cause the tray 20 to be opened to the fully 
opened position at which the plurality of racks can be 
withdrawn or replaced, in the setting state of the normal 
mode. 

45 "} • I Fig. 2 is a perspective view of the external appear- 
ance of a magneto-optic disk library apparatus 1 0 (here- 
inafter, an "MO library apparatus") embodying the 
invention. The MO library apparatus 10 has a height "h* 
which is limited to about ten and a few centimeters and 

so has a main body, or housing, 12 of a flat box shape, 
larger in the lateral and depth directions than in the 
height direction. For example, the main body 12 has a 
very compact size, of a height "h" of about 143 cm (143 
mm), a width "w" of about 345 cm (345 mm), and a 

55 depth "d" of about 430 cm (430 mm), and can be placed 
on or beside a desk, in use. 

Since an upper surface portion of the main body 12 
has a sufficient area such that a width is equal to 340 
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mm and a depth is equal to 430 mm, a further unit, such 
as a display, can be also put on the apparatus main 
body 12 when the main body 12 is put on or beside the 
desk A control panel 1 1 on the right side of the front 
face of the main body 12 has a power switch 21, a key 
switch 22, and an ejection switch 24. The tray 20 is pro- 
vided next to the control panel 1 1 . The tray 20 can be 
inserted into or withdrawn from the main body 1 2 along 
the first/depth direction of the tray 20. As noted before 
and as further discussed hereinafter, three racks 26-1 , 
26-2 and 26-3, each thereof holding, or storing, plural 
optical disk medium cartridges respectively in the plural 
slots provided therein, are enclosed in the tray 20. 

A power source for the apparatus is turned on or off 
by the power switch 21. The tray 20 is inserted (i.e., 
moved in) to a closed position or is moved out (i.e., with- 
drawn) to an open position by operation of the ejection 
switch 24. The key switch 22 is used to validate or can- 
cel the function of the ejection switch 24. When it is 
desired to withdraw, or pull out. the tray 20 by operating 
the ejection switch 24, an exclusively-used key is 
inserted into the key switch 22 and turned, thereby vali- 
dating the function of the ejection switch 24. The key 
switch 22 is usually in the off state, so that even if the 
ejection switch 24 is operated, the tray 24 is not moved 
from either one or the other of the inserted (closed) or 
withdrawn (opened) positions. On the other hand, when 
the function of the ejection switch 24 is validated by 
inserting into, and turning, an exclusively-used key in 
the key switch 22 and the ejection switch 24 is operated 
in a state where the tray 20 is closed, as shown in Fig. 
2, the tray 20 is moved out of (i.e., withdrawn from) the 
apparatus main body 12 to the opened position. 

In the MO library apparatus 10 of this embodiment, 
with respect to the insertion and ejection of a medium 
by opening the tray 20, a selected one of the normal 
mode and the mail slot mode is set when the power 
_ source^ of. jheapparatus is turned .on.^ln. the normal 
mode, the tray 20 may be withdrawn, or pulled out, to a 
fully opened position at which all of the three racks 26- 
1 , 26-2 and 26-3, as are held in the associated, fully 
opened tray 10, can be removed. In the mail slot mode, 
on the contrary, the slot 50 in the front-most part of the 
front rack 26-3 in the tray 20 is defined as the mail slot 
- 50. Thus, where each of the three racks.26 has twelve 
slots, there are a total of 36 slots, the front-most slot of 
the front-most rack being the mail slot 50 and the 
remaining 35 slots being individually designated, selec- 
tively, as an insertion destination slot (i.e., for an MO 
medium being inserted) or a movement source slot (i.e., 
for an MO medium stored in the system and to be read 
or ejected). As before described, moreover, the inser- 
tion or ejection of media in the mail slot mode is per- 
formed on a one-by-one (i.e.. an individual) basis. 

Fig. 3 shows an arrangement of components of the 
main body 12 of Fig. 2, shown in a transparent state in 
Fig. 3. For example, three magazine racks 26-1, 26-2, 
and 26-3 are received on the tray 20 (not shown in Fig, 



3) which opens toward the front and thus to the lower 
left in the perspective view of Fig. 3. The racks 26-1 to 
26-3 are open, likewise toward the left side, when they 
are seen from the front, in the orientation of the housing 

5 12 shown in Fig. 3. Also as before noted, each rack has 
twelve (12) slots and thus may hold twelve (12) corre- 
sponding MO cartridges, each of 3.5 inches diameter. 
The total number of slots which can enclose MO car- 
tridges consequently is equal to thirty-six (36). Since (at 

io least) one of the slots is used as a mail slot, however, 
only thirty-five (35) slots (i.e., as a maximum) actually 
can be used for storage of MO cartridges. 

The accessor 28 is installed on the left side of the 
racks 26-1 to 26-3 as seen in Fig. 3, so as to be movable 

15 in the first/depth direction. The accessor 28 is driven by 
a gear belt 30 and moves along a guide rail 36. The 
accessor 28 has a pick, functioning as a robot hand, for 
inserting or ejecting individual MO cartridges into/from 
selected slots of the racks 26-1 to 26-3. 

20 Two drives, comprising a first MO drive 32 and a 
second MO drive 34, are installed behind the racks 26- 
1 to 26-3. Each of the first and second MO drives 32 and 
34 has an MO cartridge inserting/ejecting port on the 
left side, on which the accessor 28 is positioned. The 

25 accessor 28 consequently picks up an MO cartridge 
from any one of the racks 26-1 to 26-3, conveys (i.e., 
carries) the MO cartridge selectively to the designated 
one of the first MO drive 32 and the second MO drive 
34, i.e., designated as a destination in the move com- 

30 mand, and inserts same therein. 

A cartridge ejected from the first MO drive 32 or the 
second MO drive 34, designated as a source, likewise is 
conveyed by the accessor 28 to the original storage 
location thereof in the corresponding slot of one of the 

35 racks 26-1 to 26-3. The time required for the accessor 
28 to take the cartridge from the rack and insert same 
into the MO drive is called a cartridge conveying time. 
^ As a cartridge conveying time, a high speed process of 
an average of five seconds has been realized. 

40 An accessor controller 38 and a power supply unit 
40 are provided in the housing 10, to the right of the 
racks 26-1 to 26-3 as seen in Fig. 3. The accessor con- 
troller 38 drives the accessor 28 and tray 20. A dip 
(selector) switch (not shown), for setting a selected one 

45 - of the normal mode and thejnail slot mode, is provided 
on a circuit board of the accessor controller 38. 

When the dip switch is set to the normal mode, 
therefore, a state of the dip switch is read when the 
power source of the apparatus is turned on and the nor- 

so mal mode is set. When the dip switch is switched to the 
mail slot mode, the state of the dip switch is read when 
the power source of the apparatus is turned on, and the 
mail slot mode is set. 

The power supply unit 40 supplies power to the 

55 entire apparatus. A fan unit 42 with an air purifying filter 
is provided on the right side of the power supply unit 40. 
The fan unit 42 intakes the air from an air inlet port and 
through the filter Into the interior of the apparatus 10 and 
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blows the air or the components therein, forcibly cooling 
same. The cooled air p produced by the fan unit 42 with 
the filter, is circulated within the apparatus and, after 
that, passes over the power supply unit 40 and finally is 
exhausted to the outside the housing 12. 5 

Fig. 4 shows a state in which the tray 20 is in the 
fully opened position in the normal mode of the library 
apparatus 10 of the invention and, wherein, the three 
racks 26-1 to 26-3 are accessible. The inside of the tray 
20 defines a shelf, or bottom wall, 20a and a vertical 10 
sidewall 20b (in the orientation of Fig. 4) and thus has 
an L-shaped cross section; further, stoppers 46-1 to 46- 
3 are affixed to the free side edge of the bottom plate 
20, to maintain the respective racks 26-1 , 26-2 and 26- 
3 in position on the bottom plate 20a. 75 

As shown in Fig. 5, each of the racks 26- 1 to 26-3 
has a handle 44 on an upper surface thereof and twelve 
(12) slots 45-1 to 45-12 on an interior thereof for receiv- 
ing respective, individual MO cartridges therein. In the 
normal mode in which the tray 20 is fully opened, the 20 
insertion or ejection of cartridge media is executed on a 
rack-by-rack unit basis in a manner such that for the 
rack 26-3, for example, the handle 44 is grasped and the 
rack is lifted vertically and thereby removed from the 
tray 20, an MO cartridge 48 is inserted, exchanged, or 2s 
the like for each of one or more of the slots of the 
removed rack 26-3 and, after that, the rack 26-3 is 
returned to its assigned position in the tray 20. 

Fig. 6 shows the tray opened to the mail slot access 
position in the mail slot mode of operation of the MO 30 
library apparatus. In the mail slot mode, for example, a 
slot on the outermost, or front, edge of the rack 26-3, 
which in turn is disposed on the front-most position of 
the tray 20 in Fig. 3, is defined as the mail slot 50. In the 
mail slot mode, as shown in Fig. 6, the tray 20 is conse- 35 
quently opened to the mail slot access position, consti- 
tuting a limited opening amount, sufficient to permit the 
medium to be inserted or ejected manually into/from the - 
mail slot 50. 

For example and as shown in Fig. 6, in the medium 40 
insertion operation, the MO cartridge is inserted into the 
mail slot 50, disposed at the front-most position of the 
tray in the limited open state of the tray 20, and the tray 
20 then is closed by operating the ejection switch 24; 
the accessor; then is made operative by a moving com- . 45. 
mand, and the MO cartridge is conveyed from the mail 
slot, as a source slot, to an assigned slot in the tray, des- 
ignated as a movement destination slot, thereby com- 
pleting the insertion control of the medium. 

On the other hand, in the medium ejecting opera- so 
tion, the accessor conveys the MO cartridge from the 
assigned slot thereof, designated as a source by the 
moving command, to the mail slot, designated as a des- 
tination; when the conveyance is finished, the tray 20 is 
opened to the mail slot access position, as shown in Fig. 55 
6, thereby enabling the medium to be manually 
removed from the mail slot. 

Fig. 7 is an explanatory diagram of a medium eject- 



ing mechanism operated by the accessor 28 provided in 
the main body 12 in Fig. 3. The accessor 28 is moved in 
the first/depth direction along the lower guide rail 36 and 
a guide rail 37 on the upper left side (as seen in Fig. 7). 
A pair of selectively closable pickers 74-1 and 74-2 hav- 
ing respective picker extensions 74-1 a and 74-1 b are 
provided at upper and lower, spaced positions and dis- 
posed toward the rack 26. The picker extensions 74-1 a 
and 74-1 b are selectively inserted into the concave por- 
tions, or notches, 76-1 and 76-2, respectively on the 
upper and lower edges of the MO cartridge 48 held in 
the slot of the rack 26, aligned with the pickers 74-1 and 
74-2; the medium 48 then is pulled toward the accessor 
28, as shown by the left arrowhead of double-headed 
arrow 98, and thereby is moved in the second/lateral 
direction to the left, for ejecting (or oppositely, to the 
right, for inserting/loading) the medium 48. 

Spaced outwardly of the pickers 74-1 and 74-2 of 
the accessor 28 is a presence sensor 70 comprising a 
light emitting unit 71 provided on the upper side thereof 
and a photosensor unit 72 provided on the lower side 
thereof. In an ejecting operation of a specific medium 48 
held in a respective slot in the rack 26, the accessor 28 
is moved in the first/depth direction such that the pickers 
74-1 and 74-2 are aligned with, and are then advanced 
laterally along, the respective upper and lower edges of 
the specific medium 48 in the right direction of the arrow 
98; the projections 74-1 a and 74-1 b then are advanced 
inwardly into the corresponding notches 76-1 and 76-2 
respectively in the upper and lower edges of the 
medium 48, such that the latter extend into and thereby 
engage the respective notches 76-1 and 76-2. The pick- 
ers 74-1 and 74-2 then are retracted into the accessor 
28, moving laterally in the left direction of the arrow 98. 
In that movement, the medium 48 blocks the light beam 
from the light emitter 70, shielding the light sensor 72 
and discontinuing any detector output therefrom. Since 
_the sensor_72 normally receives the light beam from the 
light emitter 70 and produces a corresponding output, 
the absence of that output functions as a detection sig- 
nal indicating that the medium 48 has been successfully 
retrieved by the accessor 28. When the accessor 28 is 
moved in the depth direction and positioned in a state 
where the pickers 74 are retracted into the accessor 28, 
as. shown by the arrow 98, a light from the sensor light 
emitting unit 70 is shielded by the medium and does not 
enter the sensor photosensitive unit 72. The absence of 
a photosensor signal output of the sensor 72 thus 
affords a detection signal that the MO cartridge 48 has 
been received. 

In an initializing process performed when the power 
source of the apparatus is turned on, the accessor 28 
normally reciprocates once in the first/depth direction, 
the presence sensor 70 thereby effectively scanning the 
successively aligned slots to detect the presence or 
absence of a cartridge/medium 48 in each thereof. 
Thereby, a table of information is prepared indicative of 
the presence or absence of an MO cartridge 48 in each 
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of the slots of the rack thus scanned by the presence 
sensor 70. 

Fig. 8 shows a second embodiment of a rack 26' 
usable in a MO library apparatus of the invention. The 
rack 26* is used as the rack 26-3, which is positioned in 
the front-most portion of the tray 20 in Fig. 3 and the 
front-most slot of which is set as the mail slot 50. In the 
rack 26 in Fig. 5, the MO cartridge has to be ejected, 
i.e., taken out, by movement in the lateral direction in the 
limited open state of the tray 20 in the mail slot mode, 
creating a concern that it may be difficult to eject the MO 
cartridge. By contrast, in the embodiment of Fig. 8, a 
mail slot upper ejecting port 78 is provided through 
which the medium is moved, either for insertion into or 
for being withdrawn from the mail slot 50 when the tray 
20 is opened to the mail slot access position in the mail 
slot mode of operation. 

Fig. 9 is a block diagram of a hardware arrange- 
ment of the MO library apparatus 10. In Fig. 9, an SCSI 
bus 14 from a host computer 16 is connected to the 
accessor controller 38, a first MO drive 32, and a sec- 
ond MO drive 34. 

The accessor controller 38 has an MPU 52 func- 
tioning as a logic controller and executes a mode setting 
control, a medium insertion control, a medium ejection 
control, and a read/write medium conveyance control, 
by corresponding program controls of the MPU 52. Spe- 
cifically, an accessor control and a tray opening/closing 
control for each of the medium insertion, medium ejec- 
tion, and medium read/write conveyances are executed. 
The MPU 52 is connected to the SCSI bus 14 from the 
host computer 16 via an SCSI unit 54 and controls a 
motor driver 56-1 to drive a motor 64-1 provided for the 
accessor 28. 

A sensor 66-1 for detecting a cartridge position is 
provided for the accessor 28; more specifically, a sensor 
driver 58-1 for outputting detection signals of the sensor 
: — Jight\emitting.unit;70 and sensor photosensitive unit 72^ 
in Fig. 7, a motor driver 56-2 for driving a motor 64-2 
provided for a tray driving unit 65, and a sensor driver 
58-2 for outputting a detection signal of a sensor 66-2 to 
detect a tray position, are connected to the MPU 52. 
Further, various switches, including the ejection switch 
24 provided on the operation control panel 60, and a 
---.^:t display unit 62 having a display indicator are connected - 
to the MPU 52. As for the tray 20, slots 45-1 (+01)~to 45-~ 
34 (+34) and a mail slot 50 (+35) are shown. 

Fig. 10 is a functional block diagram of the MPU 52 
of the accessor controller 38 of Fig. 9. In Fig. 1 0, a host 
interface 108, connected to the host computer 16, and a 
device interface 110, connected to various types of 
equipment, are provided for the MPU 52. The accessor 
28. a tray driving unit 65 and a dip switch 112, the latter 
for setting a mode of operation, are connected to the 
device interface 110. 

The mode setting unit 100 sets the apparatus to the 
selected one of the normal (first) mode and the mail slot 
(second) mode in accordance with a respective switch— 
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ing state of the dip switch 1 1 2 when the power source is 
turned on. For the normal mode and as shown in Fig. 3, 
a tray movement amount, as is required to pull out the 
tray 20 to a predetermined fully opened position, is set 

5 as a tray movement amount L1 . For the mail slot mode 
and as shown in Fig. 6, a tray movement amount L2 is 
set, corresponding to the tray 20 being pulled out to the 
mail slot access position in which the medium can be 
inserted or ejected into/from the front-most mail slot in 

w the tray 20. At the same time, since the slot numbers are 
allocated in the sequence of #01, #02, from the rear 
position of the tray 20 to the front, in the illustrative 
embodiment, the slot number #35 on the front-most side 
is defined as the mail slot 50. 

15 One of the normal mode and the mail slot mode, 
which is set selectively by the mode setting unit 100, 
can be switched and set by the dip switch 112 provided 
on the circuit board of the MO library apparatus. How- 
ever, a mode change switch can be also provided on the 

20 operation panel on the front right side of the main body 
12 of the MO library apparatus 10 shown in Fig. 2. Fur- 
ther, one of the normal mode and the mail slot mode 
also can be selectively set on the basis of a mode set- 
ting command from the host computer 1 6. 

25 When the medium is inserted into the mail slot #35 
in the setting state of the mail slot mode, the medium 
insertion processing unit 102 opens the tray 20 to the 
mail slot access position as shown in Fig. 6 to permit 
insertion of a medium therein, closes the tray 20 after 

30 the medium is inserted, and allows the accessor 28 to 
convey the medium from the mail slot 50 to the assigned 
slot therefore in the tray 20, as the insertion destination. 
When the medium is ejected, in the mail slot mode, a 
medium ejection processing unit 104 allows the acces- 

35 sor 28 to convey the medium from the assigned slot, as 
the movement source, to the mail slot 50, as the desti- 
nation, and, after that, opens the tray 20 to the limited 
, amount shown in Fig. 6, to permit manually removing 
" thT'eject^'m^ium from Tthe mail slot 50. 

40 As processing forms for a medium insertion opera- 
tion according to the mail slot mode of operation of the 
medium insertion processing unit 102, there are the fol- 
lowing three forms: 

45 ~\ <1 ) Control by a moving command by which the 
movement source is set to the slot #35 of the mail 
slot 50. 

<2> Control solely by operation of the ejection 
switch 24. 

so <3>Control by tray opening and tray closing com- 
mands from the host computer apparatus. 

First, the medium insertion control by the moving 
command, in which the movement source is set to the 
55 slot #35 of the mail slot 50. is as follows. It is now 
assumed that the slot # of the movement destination 
designated by the moving command is set to #j, where 
#j is an arbitrary number other than.the slot #35 of the 
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mail slot 50. 

In the medium insertion control by the moving com- 
mand, in which the movement source is set to the slot 
#35 of the mail slot 50, as received from the host com- 
puter 16, the medium insertion processing unit 102 first 
detects whether or not the medium has been inserted in 
the mail slot 50. When the medium is not inserted in the 
mail slot 50, this means that insertion of the medium 
into the mail slot 50 is not finished; the tray 20 therefore 
remains open, at the mail slot position, and the appara- 
tus waits for the insertion of the medium. 

As shown in Fig. 6, when the tray 20 is opened to a 
state in which the medium can be inserted into the mail 
slot 50, the operator inserts the MO cartridge into the 
mail slot 50, depresses the ejection switch 24, and 
closes the tray 20. In the medium insertion processing 
unit 102, therefore, the operation of the ejection switch 
24 is monitored in a state in which the tray 20 is opened 
to the mail slot position, such that when the operation of 
the ejection switch 24 is detected, the tray 20 is closed, 
and the MO cartridge is subsequently conveyed by the 
accessor 28 from the mail slot 50 to the insertion desti- 
nation slot #j. 

On the other hand, when the MO cartridge has 
already been inserted into and received in the mail slot 
50, and thus since the insertion by the operator has 
already been finished, the MO cartridge is immediately 
conveyed by the accessor 28 from the mail slot 28 to the 
slot No. #j of the movement destination designated by 
the moving command. 

In the medium inserting process controlled by the 
moving command, in which the source slot No. #35 is 
set to the mail slot 50, after the tray 20 is opened to the 
mail slot position on the basis of the moving command, 
the switching operation of the ejection switch 24 is mon- 
itored by a timer. 

When the operation of the ejection switch 24 is not 
deiected^even. after a predetermined time has elapsed; 
namely, when the operator leaves the tray 20 in an open 
state, an error is reported to the host computer 16 and, 
after that, a recovering process to close the tray 20 and 
to return to an initial state is executed. The recovering 
process can be executed by closing the tray 20 by the 
operation of the ejection switch 24, by again generating 
the moving command in which the movement source is 
set to the slot #35 of the mail slot 50 from the host com- 
puter 16, or by issuing the tray closing command. 

In the inserting process, using only the operation of 
the ejection switch 24 by the medium insertion process- 
ing unit 102, when the operation of the ejection switch 
24 is detected, the tray 20 is opened to the mail slot 
access position in Fig. 6. Subsequently, when the oper- 
ation of the ejection switch 24 is detected, the tray 20 is 
closed. After that, on the basis of the moving command 
from the host computer 16 in which the movement 
source is set to the slot No. #35 of the mail slot 50 and 
the movement destination is set to another arbitrary slot 
# j, the MO cartridge is conveyed by the accessor 28 



from the mail slot 50 to the movement destination slot 
#j. 

In this case as well, after the tray 20 is opened to 
the mail slot position by the operation of the ejection 

5 switch 24, the next operation of the ejection switch 24 is 
monitored by the timer. When the operation of the ejec- 
tion switch 24 is not detected even after the elapse of a 
predetermined time, an error is reported to the host 
computer 16 and, after that, the recovering process to 

10 close the tray is executed. 

Further, in the insertion control by the medium 
insertion processing unit 102, when the tray opening 
command from the host computer 16 is received, the 
medium insertion processing unit 102 opens the tray 20 

15 to the mail slot access position shown in Fig. 6. Subse- 
quently, when the tray closing command from the host 
computer 16 is received, the tray 20 is closed. 

After that, on the basis of the moving command 
from the host computer 16 in which the movement 

20 source is set to the slot #35 of the mail slot 50 and the 
movement destination is set to a different, arbitrary slot 
#j, the MO cartridge is conveyed by the accessor 28 
from the mail slot 50 to the insertion destination slot. 
With respect to the medium insertion control by a 

25 host, after the tray 20 is opened to the mail slot access 
position on the basis of the tray opening command from 
the host computer, the receipt of the next tray closing 
command is monitored by the timer. When the tray clos- 
ing command is not received even after the elapse of a 

30 predetermined time, an error is reported to the host 
computer 16. After that, the tray is closed and the recov- 
ering process, to return to the initial state, is executed. 

On the other hand, in the medium ejection process- 
ing unit 104, when the moving command, in which the 

35 movement source is set to the slot #i of an arbitrary slot 
other than the mail slot 50 and the movement destina- 
tion is set to the slot #35 of the mail slot 50, is received 

- —from the host computer 16 in the setting state of the mail 
slot mode, the MO cartridge is conveyed by the acces- 

40 sor 28 from the movement source slot to the mail slot 50 
and, after that, the tray 20 is opened to the mail slot 
access position in Fig. 6. 

In the medium ejecting process, after the tray 20 is 
_ opened to the mail slot access position on the basis of 

45 the moving command! the medium ejection processing 
unit 104 monitors the operation of the ejection switch 24 
by the timer. When the operation of the ejection switch 
24 is not detected even after the elapse of a predeter- 
mined time, namely, in the case where the operator 

so does not take out the medium or, even if the medium 
was taken out but the tray is left in the open state, an 
error is reported to the host computer 16 and, after that, 
the tray is closed and the recovering process to recover 
to the initial state is executed. 

55 In the tray opening/closing control in the normal 
mode, the tray 20 is controlled to a fully opened state or 
a fully closed state by operation of the ejection switch 24 
or in accordance with a host command. 
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A read/write medium conveyance processing unit 
106 provided for the MPU 52 moves the MO cartridge 
between the source slot of the tray 20 and a specified 
one of the first MO drive 32 or the second MO drive 34, 
as a destination, on the basis of the moving command 5 
which is generated by the host computer 16 and trans- 
mitted to the MO library apparatus 1 0 in association with 
the read or write access, in a state in which the tray 20 
is closed due to the insertion or the ejection of the 
medium. w 

That is, at the time of the read access, the moving 
command - in which an arbitrary slot number, from 
among the slot #0 to #34 and excluding #35 (i.e., the 
mail slot 50 of the tray 20), is set to the movement 
source and the MO drive 32 or 34 is set to the move- 15 
ment destination -- is generated. On the basis of the 
moving command, the MO cartridge is conveyed from 
the source slot to the specified MO drive and is loaded 
therein, thereby allowing a reading or writing operation 
to be performed thereon. 20 

When the reading or writing operation is finished, 
the moving command to return the medium to the slot, 
namely, the moving command in which the first or sec- 
ond MO drive 32 or 34 is set to the movement source 
and the assigned slot number of the tray 20 is set to the 25 
movement destination is generated by the host compu- 
ter. On the basis of the moving command, the read/write 
medium conveyance processing unit 106 takes the 
medium out from the specified MO drive (source) and 
returns the MO cartridge to the assigned slot (destina- 30 
tion) of the tray 20. 

To make it easy to perform the respective address 
designations of the movement source and of the move- 
ment destination by the moving command from the host 
computer, for the slots #01 to #35 of the tray 20, the slot 35 
#00 is allocated to the accessor 28 and the slot Nos. 
#37 and #38 are allocated to the first MO drive 32 and 
second MO drive 34. The slots #00 to #38 thus are the 
addressesbf the moving^rr^and:""™ 

Fig. 1 1 is an explanatory diagram of an optical stor- 40 
age system using a MO library apparatus of the inven- 
tion. For example, a personal computer is used as the 
host computer 16. In the illustrative system shown in 
Fig. 11, four MO drive units 15-1 to 15-4 and eight MO 
library apparatuses 10-1 to 10-8 are connected as 45 
external storage "apparatuses for the host computer 16. " " 
For example, the MO drive units 15-1 to 15-4 and the 
MO library apparatuses 10-1 to 10-8 are connected to 
the host computer 16 by the bus 14, comprising SCSI 
buses of four systems by using four SCSI cards. so 

Fig. 12 is a block diagram of the system intercon- 
nections of Fig. 1 1 . SCSI buses 14-1 to 14-4 of four sys- 
tems are led out from the host computer 16 by SCSI 
cards 18-1 to 18-4 which function as host adapters. Up 
to eight devices can be connected to the SCSI buses ss 
14-1 to 14-4 and ID = #0 to #7 are allocated to respec- 
tive device connecting ports. 

In the system shown, the SCSI cards 18-1 to 18-4 



serving as host adapters, or interfaces, are connected 
as ID = #0 to the SCSI buses 14-1 to 14-4 of four sys- 
tems and, further, MO drive units 12-1 to 12-4 and two 
sets of MO library apparatuses (10-1, 10-2) to (10-7, 10- 
8) are connected. Since the MO library apparatuses 10- 
1 to 10-8 each have therein an accessor and two MO 
drives, three SCSI ports are allocated thereto, respec- 
tively. 

For example, in case of the SCSI bus 14-1 , the MO 
drive unit 15-1 is set to ID = #1 , the accessor of the MO 
library apparatus 10-1 is set to ID = #2, the first MO 
drive unit is set to ID = #3, the second MO drive unit is 
set to ID = #4, the accessor of the MO library apparatus 
10-2 is set to ID = #5, the first MO drive unit is set to ID 
= #6, and the second MO drive unit is set to ID = #7. 

Fig. 13 shows a medium management table 114 
provided for the MO library apparatus 10-1 , as an exam- 
ple, among the library apparatuses used in the system 
of Fig. 11. The medium management table 114 is 
formed to include the slot #01 to be slot #35, a medium 
flag which is indicative of the presence or the absence 
of a medium in the slot and, further, a status which is 
indicative of a status of the medium. 

The medium flag is set to ON in the medium enclos- 
ing (i.e., present) state and is set to OFF in the medium 
not- enclosing (i.e., absent) state. As for the set and 
reset of the medium flag, the sensor 70, including the 
light emitting unit 70 and the sensor 72 provided for the 
accessor 28 in Fig. 7, is used. The accessor 28 is recip- 
rocated in the first/depth direction at the time of power- 
on of the apparatus, and the flags are registered in 
accordance with the physical presence/absence result 
of scanning the medium enclosed in the tray. 

After the medium management table 114 is once 
formed, when a slot becomes empty, or vacant, result- 
ing from the medium ejecting process, the medium flag 
for that slot is switched from ON to OFF. As for a slot 
designated to receive a medium, but which medium is 
not yet inserted, the flag is set from OFF to ON when 
the medium is inserted by the medium inserting proc- 
ess. Further, respective statuses "Dl" and "D2" of the 
slot Nos. #10 and #11 denote that the media in those 
slots have been moved, currently, to the first and second 
MO drives 32 and 34. 

Further, in the mail slot mode^v the slot #35 is 
defined as the mail slot 50; usually, no medium is 
present in the mail slot, so that the medium flag is nor- 
mally reset to OFF. The status of the mail slot 50 is set 
to "MAIL". 

Fig. 14 shows a medium information management 
table 116 which is managed in the host computer 16 in 
Fig. 11. In the medium information management table 
116 for the illustrative application of the library appara- 
tus of the invention set forth above, branch names are 
registered as medium information in correspondence to 
the slots #01 to #35. The respective MO cartridge of 
each branch name is sent, for example, once a month 
from that branch to the main office at which the library 
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apparatus is set up. The operator exchanges the MO 
cartridge of the current month for the MO cartridge of 
the preceding month, currently stored in the MO library 
apparatus. 

To exchange the MO cartridges sent from the 
branches, one-by-one, the mail slot mode is set by the 
dip switch or the like the tray is opened (or closed) in 
accordance with the mail slot mode and the medium is 
inserted (or ejected). That is, when exchanging a new 
(current) medium for an old (preceding month) medium 
currently stored in the MO library apparatus for a given 
branch, the medium ejecting process is first executed 
with respect to the currently stored MO cartridge of the 
preceding month, for ejecting same; subsequently, the 
new medium of the current month for that same branch 
is inserted into the mail slot and thereupon is automati- 
cally conveyed to and inserted into the respective desig- 
nated slot assigned to that branch. 

Fig. 15 is a flow chart of the overall control process 
of the MO library apparatus of the embodiment shown in 
Fig. 10. First, when the apparatus is activated by turning 
on the power source, a status of the dip switch 1 12 is 
read in step S1 , thereby checking whether the mail slot 
mode has been set If YES, step S2 follows and the 
mode setting unit 100 sets the mail slot mode and the 
tray ejection amount is set to the tray movement amount 
12 for the mail slot access position, in which an individ- 
ual medium can be inserted or ejected as shown in Fig. 
6. 

On the other hand, in the normal mode, the tray 
movement amount L1 is set, in which the tray is fully 
opened as shown in Fig. 4. Subsequently, in step S4 ( an 
event is checked. When there is an event, a check is 
made in step S5 to see if the mail slot mode has been 
set. In the mail slot mode, a check is made in step S6 to 
see ii the cartridge has been inserted/ejected or not. 
When the cartridge has been inserted/ejected, the 
inserting/ejecting process in the mail slot mode is exe-_ 
cuted in step S7. 

In the normal mode, a check is made in step S8 to 
see if the cartridge has been inserted/ejected, or not. 
When the cartridge is inserted/ejected, the insert- 
ing/ejecting process of the cartridge, by fully opening 
the tray in the normal mode, is executed in step S9, sub- 
sequentlya check is made, in step S10, to determine if 
the read or write access has been executed, or not. In 
the case of the read or write access, the reading/writing 
process has been executed in step Si 1. 

When the reading/writing access is not to be per- 
formed, some other process may be executed in step 
S12. The reading/writing process is a process for con- 
veying the cartridge held in the movement source slot to 
the MO drive by the moving command and for returning 
it to the original slot after completion of the reading/writ- 
ing process. In final step S13. a check is made to deter- 
mine if an end instruction, by a log off or the like, has 
been performed. The processes from step S4 then are 
repeated, until the end instruction is received. 



Fig. 16 is a flow chart of the medium inserting proc- 
ess in the mail slot mode, as shown in step S7 in Fig. 
15. The medium inserting process is divided into three 
sub-processes, comprising the sub-process by the 

5 moving command in which the movement source is set 
to the slot #35 of the mail slot 50 in steps S1 to S9, the 
inserting sub-process by only the ejection switch 24 in 
steps S10 to S16, and the inserting process by the tray 
opening command or tray closing command from the 

to host computer 1 6 in steps S18 to S24. 

First, the inserting process by the moving command 
from the host computer in which the movement source 
is set to the slot #35 of the mail slot 50 will be explained. 
In step S1, when the moving command, in which the 
is movement source is set to the slot #35 of the mail slot 
50, is discriminated, a check is made in step S2 to see 
if the medium is present in slot #35 serving as a mail 
slot 50. 

When no medium is present, in step S3, the tray is 

20 opened to the mail slot access position as shown in Fig. 
6, and thus by only a limited opening amount, at which 
one medium can be inserted into or withdrawn from the 
mail slot. Subsequently in step S4, the ON operation of 
the ejection switch 24. which is executed after the 

25 medium is inserted into the mail slot, is checked. When 
there is no ON operation of the ejection switch 24 in 
step S4, the presence or absence of a time-out of the 
timer which was activated, or initiated, when the tray 
was opened, is discriminated in step S5. 

30 When the ejection switch 24 is turned on before the 
time-out of the timer in step S5, the processing routine 
advances from step S4 to step S6 and the tray 20 is 
closed. In step S7, the accessor 28 takes the medium 
from the slot #35, serving as a (source) mail slot, on the 

35 basis of the moving command, moves the medium to 
the movement destination slot #j, designated by the 
moving command, and inserts it therein. 

„ r ^Jn the processes in steps S4 and S5, when a prede- 
termined time has elapsed and the time-out is discrimi- 

40 nated in step S5, before discriminating the ON 
operation of the ejection switch 24, step S8 follows and 
an error is reported to the host computer 16. In 
response to the error report, the host computer exe- 
cutes the recovering process by again generating the 

45 moving r command in which the movement source is set 
to the slot #35 of the mail slot 50 in step S9. That is, by 
again generating the moving command in which the 
movement source is set to slot #35, the same process 
as that of the ON operation of the ejection switch 24 is 

so executed. The tray 20 in the opening state is closed and 
is returned to the initial state. 

The inserting process by using only the ejection 
switch 24 will now be described. When the ON opera- 
tion of the ejection switch 24 is detected in step S10. 

55 step S1 1 follows and the tray 20 is opened as shown in 
Fig. 6 to the mail slot access position, i.e., the limited 
mail slot opening amount at which one medium can be 
• taken out. In step S12, the ON operation of the ejection 
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switch 24, which is executed after the medium has been 
inserted into the mail slot 50, is checked. 

When the ejection switch 24 is detected as being 
turned on, the tray is closed in step S14. The movement 
of the medium by the accessor 28 from the (source) 
mail slot to the (insertion destination) slot assigned 
thereto, after which the tray was closed, is executed 
after waiting for receipt of a subsequent moving com- 
mand, generated from the host computer 16. When the 
moving command is received, it is discriminated in step 
S1 that the movement source of the moving command 
is set to the slot #35 of the mail slot 50. Since the 
medium has already been inserted into the mail slot in 
step S2, step S7 follows and the cartridge is conveyed 
by the accessor 28 from the slot No. #35 of the mail slot 
to the (movement destination) assigned slot #j desig- 
nated by the moving command. 

On the other hand, while monitoring the ON opera- 
tion of the ejection switch 24 in step S1 2, the time-out of 
the timer, which was activated when the tray was 
opened by the mail slot amount in step S1 1 , is moni- 
tored. When the ejection switch 24 is not turned on even 
after the elapse of a predetermined time, the time-out 
occurs in step S13, step S15 follows, and an error is 
reported to the host computer. 

Subsequently to this error report and in step S1 6, in 
this case, the tray 20, which is in the fully opened state 
resulting from the recovering process due to the turn-on 
of the ejection switch 24, is closed to the initial state. For 
the purpose of the recovering process by the ejection 
switch, it is sufficient that an alarm indicating that the 
tray is in the opened state is performed on the MO 
library apparatus side by a display indicator, a buzzer, or 
the like, by a command from the host computer which 
received the error report. 

Further, as for the inserting process by the tray 
opening command and the tray closing command from 
the hostcomputer, when Jhe.Jray. opening command 
"frorrTthe host computer is discriminated in step S18, 
step S19 follows and the tray 20 is opened by the mail 
slot opening amount at which one medium can be 
inserted into the mail slot 50 as shown in Fig. 6. 

Subsequently, in step S20; the apparatus waits for 
the tray closing command which is issued after the 
: . elapse of a predetermined time which is sufficient to~ 
"Irisert the medium. A discriminating time of the tray clos- 
ing command is monitored by the timer, which started 
counting when the tray was opened. When the tray clos- 
ing command is received before the time-out in step 
S21 , step S22 follows and the tray 20 is closed. 

When the tray closing command is not received 
even after the elapse of a predetermined time, the time- 
out occurs in step S21 and an error is reported to the 
host computer 16 in step S23. In response to the error 
report, the recovering process to close the tray 20. cur- 
rently in the opened state, is performed by issuing the 
tray closing command from the host computer in step 
S24. , 



In this instance, the recovering processes in steps 
S9, S16, and S24 have been described, separately, as 
follows: 

5 1) recovering process by the moving command of 

the movement source #35; 

2) recovering process by turning the ejection 
switch; and 

3) recovering process by the tray closing command. 

w 

It is also possible to execute the recovering process for 
closing the tray 20 in the opened state and setting it to 
the initial state by any one of the three recovering proc- 
esses. 

15 Fig. 1 7 is a flow chart for the medium ejecting proc- 
ess in the mail slot mode in Fig. 15. 
In the medium ejecting process, first in step S1 , a check 
is made to see if the moving command has been 
received from the host computer in which the movement 

20 destination is set to the slot #35 of the mail slot 50. After 
receiving the moving command, step S2 follows and the 
cartridge is taken out from an arbitrary slot #i assigned 
to the cartridge to be ejected, designated as a move- 
ment source, and moved by the accessor 28 to the mail 

25 slot 50, designated as the destination slot #35. When 
the movement of the cartridge to the mail slot 50 fin- 
ishes normally, in step S3 the tray 20 is opened to the 
mail slot access position and thus by the mail slot open- 
ing amount L2 at which the specified, individual medium 

30 can be taken out, as shown in Fig. 6. Subsequently in 
step S4, the ON operation of the ejection switch 24 is 
monitored so as to detect the operation of same by the 
operator after the medium is taken out from the mail slot 
50 and, in response thereto, the tray is closed. 

35 In this instance, the time-out of the timer, which was 
started when the tray was opened, is monitored in step 
S5. When the ON operation of the ejection switch 24 is 
detected in step S4 before the time-out, step S6 follows 
and the tray 20 is closed and is returned to the initial 

40 state. When the time-out occurs in step S5 before the 
ejection switch 24 is depressed, an error is reported to 
the host computer in step S8. 

The recovering process for closing the tray 20 in the 
opened state and returning to the initial state is per- 

,45.- formed in .response to the error report in step S9. The 
recovering process in this case is one of the following 
processes: 

1) recovering by the moving command having the 
so movement source slot #35; 

2) recovering process by the operation of the ejec- 
tion switch 24; or 

3) recovering process by the tray closing command 
from the host computer 16. 

55 

Although the foregoing embodiment has been 
described with respect to the case where the front-most 
slot #35 in the tray 20 is allocated as the mail slot 50, 
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this is merely an example and the position of the mail 
slot 50 can be properly defined otherwise, as may be 
necessary. Although one mail slot has been defined in 
the embodiment, it is also possible to construct the sys- 
tem in a manner such that a plurality of mail slots are 
defined, as may be necessary, thereby enabling a plu- 
rality of media to be simultaneously, or in a common 
step, manually inserted or ejected. The invention may 
also be applied to a library apparatus using magnetic 
tape cartridges other than the MO cartridges. Further, 
the invention is not limited by the numerical values 
shown in the above embodiment. 

As explained above, in a library apparatus having a 
structure such that a plurality of slots, or positions, are 
provided in a tray which is movable in the first/depth 
direction of the apparatus main body and the media are 
inserted therein in a second/lateral direction, perpendic- 
ular to the first/depth direction, when the media are 
inserted or ejected into/from an arbitrary slot in the tray, 
at least one by one, the apparatus is set to the operating 
state by setting the mail slot mode. In the mail slot 
mode, the tray is opened by a limited amount so as to 
render a selected one, of one or more mail slots, acces- 
sible to an operator into which a medium can be manu- 
ally inserted or withdrawn, consistent with insertion and 
ejection modes of operation. 

Therefore, it is sufficient that the operator merely 
inserts or withdraws the medium into/from the mail slot 
of the tray, as opened by the limited opening amount to 
the mail slot access position, without being conscious of 
the destination/assigned slot position for that medium in 
the tray. The medium thus can be easily inserted 
(ejected) into (from) an arbitrary slot of the tray, on an 
individual, medium-by-medium basis, by the accessor 
automatically conveying the medium between the mail 
slot and a storage slot, in the closed state of the tray. A 
situation as can occur in the prior art, wherein a source 
or destination slot position is erroneously designatedjn_ 
conjunction with the insertion or ejection of a medium, is 
thereby avoided. 

Numerous modifications and adaptations of the 
invention will be apparent to those skilled in the art and 
thus it is intended by the appended claims to cover all 
such modifications and adaptations as fall within the 
r true scope of the invention. — — - — — 

Claims 

1. A library apparatus, comprising: 

a tray movable in a first direction, selectively 
into a housing to a closed position and out of 
the housing, and having plural slots respec- 
tively and individually assignable to plural 
recording media, the plural recording media 
being selectively and individually insertable 
into and removable from the respectively 
assigned plural slots by movement thereof in a 



second direction transverse to the first direc- 
tion, the tray being movable out of the housing, 
in a first mode, to a fully open position providing 
access to all slots and, in a second mode, to a 
5 limited open position affording insertion, or 

withdrawal, of an individual medium into, or 
from, a predesignated mail slot of the plural 
slots; 

a drive unit reproducing information from a 

10 selected recording medium; 

an accessor selectively operable for conveying 
a selected recording medium between the 
respective slot of said tray assigned thereto 
and said optical drive unit and between said 

15 mail slot of said tray and said respective slot of 

said tray assigned thereto; 
a mode setting unit for setting a selected one of 
the first and second modes; 
a medium insertion processing unit operative in 

20 said second mode and in response to a record- 

ing medium being inserted into the mail slot of 
the tray in the limited open position thereof and 
the tray then being closed, to cause said 
accessor to convey the inserted recording 

25 medium from said mail slot, as a source loca- 

tion, to the respective assigned slot of the tray, 
as a destination location; and 
a medium ejection processing unit operative in 
said second mode and with said tray in the 

30 closed position, to cause said accessor to con- 

vey a recording medium selected to be ejected 
from the respective assigned slot of the tray, 
designated as a source location, to the mail 
slot, as a destination location and causing said 

35 tray, in accordance with the presence of the 

selected recording medium to be ejected in the 
mail slot, to be moved to the limited open posi- 

_ WOT} " : -- — 

40 2. A library apparatus according to claim 1 , wherein 
said mode setting unit further comprises a mode 
change switch operable to select one of the first and 
second modes and produce corresponding, first 
and second mode select output signals, to which 

45^ . , . the mode setting unit responds for setting the corre- 
sponding one of the first and second modes, 
respectively. 

3. A library apparatus according to claim 1 or 2, 
so wherein said mode setting unit selectively sets one 

of said first and second modes on the basis of a 
mode setting command from a host computer. 

4. A library apparatus according to claim 1 , 2 or 3, 
55 wherein when said second mode is set, said mode 

setting unit defines a specified slot in said tray as 
the mail slot and sets a tray movement amount, in 
the first direction, by which said limited open posi- 
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tion of said tray is determined. 

5. A library apparatus according to claim 4, wherein 
said mode setting unit defines a slot, positioned in 
an first most portion of said tray in the first direction s 
and relative to the housing, as said mail slot. 

6. A library apparatus according to any one of claims 
1 to 5, wherein said medium insertion processing 
unit, in response to a moving command in which the w 
mail slot is designated as a source position, deter- 
mines whether a medium is absent or present in the 
mail slot, and: 

in response to determining the absence of any 75 
recording medium in said Mail slot, moves said 
tray to said mail slot access position for inser- 
tion of a recording medium therein and, subse- 
quently, upon detecting operation of a switch 
and resulting movement of said tray to the 20 
closed position, controls the accessor to con- 
vey the inserted recording medium from the 
mail slot, designated as a source location, to 
the respective, assigned slot of the tray, desig- 
nated as a destination location; and 25 
in response to detecting the presence of a 
recording medium in the mail slot, controls the 
accessor to convey the recording medium from 
the mail slot, designated as a source location, 
to the respective, assigned slot of the tray, des- 30 
ignated as a destination location. 

7. A library apparatus according to claim 6, wherein 
said medium insertion processing unit, in response 

to the tray being moved to the mail slot access posi- 35 
tion based on a moving command from a host com- 
puter, monitors the switch to detect operation 
..^j- thereof and, jn the.absence pf detecting operation 
of the switch after a predetermined time, transmits^ 
an error report to the host computer, causing the 40 
tray to be moved to the closed position thereof. 

8. A library apparatus according to any of claims 1 to 
7, further comprising: 

a switch operable by a user of the apparatus r 
and 

said medium insertion processing unit, in 
response to actuation of the switch when the 
tray is in the closed position, moves the tray to so 
the mail slot access position for receiving a 
recording medium in the mail slot and further, 
in response to actuation of the switch when the 
tray is in the mail slot access position, moves 
the tray to the closed position within the hous- ss 
ing. 

9. * A library apparatus as recited in claim 8, further 



comprising: 

a sensor sensing the presence of a recording 
medium in the mail slot, in the closed position 
of the tray, and issuing a corresponding detec- 
tion signal output; 

a host computer, in response to the detection 
signal output, issuing a moving command des- 
ignating the mail slot as a source position and 
a further slot of the tray, different from the mail 
slot and assigned to the recording medium cur- 
rently in the mail slot, as a destination position 
therefor; and 

the medium insertion processing unit, in 
response to the moving command from the 
host computer, controlling the accessor to con- 
vey the recording medium from the mail slot to 
the assigned, different slot. 

10. The library apparatus according to claim 9, further 
comprising: 

a timing unit establishing a prescribed time 
interval after movement of the tray to the mail 
slot access position and, in the absence of 
actuation of the switch within the prescribed 
time, issuing an error signal; and 
the host computer, in response to the error sig- 
nal, issuing a command causing the tray to be 
moved the closed position thereof in the hous- 
ing. 

11. A library apparatus according to any preceding 
claim, further comprising: 

a host computer issuing a tray opening com- 
mand, a tray closing command and a medium 
moving command having a source location set 
to the mail slot and a destination location set to 
an assigned slot of the tray for an identified 
recording medium to be inserted; and 
the medium insertion processing unit, in the 
mail slot mode and in response to the tray 
opening command, moving the tray to the mail 
slot access position for insertion of the identi- 
fied recording medium in the mail slot of the 
tray, in response to a subsequent tray closing 
command, moving the tray to the closed posi- 
tion and, in response to the subsequent moving 
command, controlling the accessor to convey 
the identified recording medium from the mail 
slot, as the source location, to the assigned slot 
of the tray, as the destination location, of the 
moving command. 

12. A library apparatus as according to claim 1 1, further 
comprising a timing unit establishing a prescribed 
time interval after movement of the tray to the mail 
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slot access position and, in the absence of receipt 
of a tray closing command within the prescribed 
time interval, issuing an error report to the host 
computer; and 

5 

the host computer, in response to the error 
report, issuing a command to the access to 
move the tray to the closed position in the 
housing. 

10 

13. A library apparatus according to any preceding 
claim, further comprising: 

a host computer issuing a moving command for 
a medium ejection operation designating, for a is 
specific recording medium, a source location 
set to the assigned slot for the specific record- 
ing medium to be ejected and a destination 
location set to the mail slot; and 
the medium ejection processing unit, in 20 
response to the moving command from the 
host computer for ejection of the specific 
recording medium, controlling the accessor to 
convey the specific recording medium from the 
respective slot assigned thereto, as the source 25 
location, to the mail slot, as the destination 
location, and then causing the tray to be 
opened to the mail slot access position. 

14. A library apparatus according to claim 13, further 30 
comprising: 

a switch operable by a user of the apparatus to 
cause the tray to be moved from the mail slot 
access position thereof to the closed position 35 
thereof; 

a timer establishing a prescribed time interval 
„ after vmovement of the -tray -to-the- mail- slot 
access position and, in the absence of actua- 
tion of the switch within the prescribed time 40 
interval, issuing an error signal; and 
the host computer, in response to the error sig- 
nal, issuing a command causing the tray to be 
moved to the closed position, thereof in the 

, - housing. r-rr_rr~ r " ^ --.45: 

15. A library apparatus according to any preceding 
claim, further comprising: 

plural racks, each having plural slots therein, so 
received in the tray with the respective slots 
thereof disposed in the lateral direction and the 
racks spaced in the first, depth direction. 

16. A library apparatus according to claim 15, wherein ss 
each of the medium insertion processing unit and 

the medium ejection processing unit, in the normal 
mode set by the mode setting'unit, moves the tray 



to the fully opened position providing access to 
each of the plural racks for selective removal of the 
racks, with recording media to be ejected from the 
library apparatus stored therein, from the tray in a 
medium ejection operation and for insertion into the 
tray of replacement racks with new recording media 
to be inserted into the library apparatus in a 
medium insertion operation. 

17. An apparatus, comprising: 

a tray movable in a first direction, selectively 
into a housing to a closed position and out of 
the housing, and having plural slots respec- 
tively and individually assignable to plural 
recording media, the plural recording media 
being selectively and individually insertable 
into and removable from the respectively 
assigned plural slots by movement thereof in a 
second direction transverse to the first direc- 
tion, the tray being movable out of the housing, 
in a first mode, to a fully open position providing 
access to all slots and, in a second mode, to a 
limited open position affording insertion, or 
withdrawal, of an individual medium into, or 
from, a predesignated mail slot of the plural 
slots; 

an accessor transferring a selected, individual 
recording medium from a designated source 
location to a designated destination location; 
and 

a controller controlling the accessor, in an 
insertion operation of the second mode, for 
conveying a recording medium in the mail slot, 
when designated as a source location, to the 
respective, assigned slot of the tray, when des- 
ignated as a destination location thereof, and, 
- in an ejection operation of the second mode, for 

conveying a recording medium in the respec- 
tive, assigned slot of the tray, when designated 
as a source location, to the mail slot, when des- 
ignated as a destination location thereof. 

18. An apparatus as recited in any preceding claim, fur- 
ther comprising: - ./ r "^^^ ; r , 

an actuator operative in the insertion operation 
of the second mode to move the tray, having a 
recording medium present in the mail slot, from 
the limited open position thereof to the closed 
position thereof. 

19. An apparatus as recited in any preceding claim, 
wherein: 

the controller, in the ejection operation of the 
second mode and for a recording medium 
J" present in the mail slot, when designated as a 
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destination location, moves the tray out of the 
housing, from the closed position thereof to the 
limited open position thereof, affording removal 
of the recording medium from the mail slot. 

5 

20. An apparatus as recited in any preceding claim, fur- 
ther comprising: 

a drive unit selectively reproducing information 
from a recording medium inserted therein; and 10 
the controller, in a reproduce operation on a 
selected recording medium present in the 
respectively assigned slot of the tray and in the 
closed position of the tray, controls the acces- 
sor to convey the selected recording medium is 
from the respectively assigned slot thereof in 
the tray, designated as a source location 
thereof, to the drive unit, designated as the 
destination location thereof, and further, at a 
conclusion of the reproduce operation thereon, 20 
controls the accessor to convey the selected 
recording medium from the drive unit, desig- 
nated as a source location thereof, to the 
respectively assigned slot thereof in the tray, 
designated as a destination location thereof. 25 

21. A library apparatus, comprising: 



a housing; 

a tray having a plurality of individually assigna- 
ble storage locations for respectively Storing a 
plurality of replaceable, individually identified 
recording media, at least one storage location 
comprising a mail slot; 

a tray control unit operative to move the tray to 
a closed position within the housing affording 
access, within the housing, to the storage loca- 
tions of the tray and any recording media 
"stor^ therein"arTd"tolT limited opei "position 
affording access, exteriorally of the housing, to 
the mail slot; 
an accessor; and 

a host computer issuing moving commands, 
each moving command identifying a recording 
medium and. designating source and destina- 
tion locations between which" the identified 
recording medium is to be conveyed by the 
accessor, wherein: 
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in an insertion operation, the host compu- 
ter controls the tray control unit to move the 
tray to the limited open position thereof for 
inserting an identified recording medium 
into the mail slot and to move the tray with 
the identified recording medium inserted in ss 
the mail slot to the closed position thereof, 
and issues a moving command to the 
accessor designating the mail slot as the 



source of the identified recording medium 
and the respective, assigned storage loca- 
tion thereof in the tray as the destination 
thereof; and 

in an ejection operation, the host computer 
issues a moving command to the accessor 
identifying the respective, assigned stor- 
age location in the tray as the source of the 
identified recording medium and the mail 
slot as the destination thereof and controls 
the tray control unit, with the identified 
recording medium in the mail slot, to move 
the tray to the limited open position. 

22. A library apparatus according to claim 21, further 
comprising: 

a display unit; and 

in the insertion operation, the host computer 
produces a display on the display unit indicat- 
ing to a user the identified recording medium to 
be inserted by the user into the mail slot in the 
limited open position of the tray. 

23. A library apparatus according to claim 22, further 
comprising: 

a switch operable by the user of the apparatus 
to indicate the insertion of the identified record- 
ing medium into the mail slot in the limited open 
position of the tray; and 
the host computer, in response to actuation of 
the switch by the user and in the limited open 
position of the tray, controlling the tray control 
unit to move the tray to the closed position of 
the tray within the housing. 

24., A library apparatus^according to claim 23, further 
comprising: 



a timing unit establishing a prescribed time 
interval after movement of the tray to the mail 
slot access position and, in the absence of 
actuation of the switch within the prescribed 
time interval, jssuing an error signal; and 
the host computer, in response to the error sig- 
nal, controlling the tray control unit to move the 
tray to the closed position thereof in the hous- 
ing. 



25. A library apparatus according to any of claims 21 to 
24, wherein, in a recording media exchange opera- 
tion: 

the host computer issues a moving command 
to the accessor to convey an identified record- 
ing medium, currently stored in the respective, 
r : - assigned storage location thereof and to be 
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ejected, to the mail slot and controls the tray 
control unit, with the identified recording 
medium currently stored in the mail slot, to 
move the tray to the limited open position for 
removal of the currently stored, identified 
recording medium therefrom to complete the 
ejection of same and for insertion of a new, 
commonly identified recording medium into the 
mail slot; and 

the host computer controls the tray control unit, 
with the new, commonly identified recording 
medium inserted in the mail slot, to move the 
tray to the closed position and issues a moving 
command to the accessor designating the mail 
slot as the source of the new, commonly identi- 
fied recording medium and the respective, 
assigned storage location thereof in the tray as 
the destination thereof thereby to move the 
new, identified recording medium into the 
respective, assigned storage location thereof, 
in exchange for the ejected and commonly 
identified storage medium. 

26. A library apparatus according to claim 25, further 
comprising: 

a switch operable by a user of the apparatus; 
and 

the host computer, in response to actuation of 
the switch by the user and in the limited open 
position of the tray, controlling the tray control 
unit to move the tray to the closed position 
within the housing. 

27. A library apparatus according to claim 26, further 
comprising: 

a timing unit establishing a prescribed time 
interval after movement of the tray to the mail 
slot access position and, in the absence of 
actuation of the switch within the prescribed 
time, issuing an error signal; and 
the host computer, in response to the error sig- 
nal, controlling the tray control unit to move the 
tray the closed position thereof in the housing. 

28. A library apparatus according to any of claims 21 to 
27, wherein the tray control unit is selectively oper- 
ative in a first mode for moving the tray to the limited 
open position and in a second mode for moving the 
tray to a fully opened position in which all storage 
locations of the tray are accessible exteriorally of 
the housing, further comprising a mode setting unit 
for selectively setting one of the first and second 
modes of operation. 

29. A library apparatus according to claim 28, wherein 
the tray control unit in the first mode of operation 



and in response to a moving command from the 
host computer in which the mail slot is designated 
as a source, determines whether a recording 
medium is absent or present in the mail slot and, if 
5 absent, moves the tray to the limited open position 
for insertion of an identified recording medium into 
the mail slot; and 

in response to detecting the presence of a 
io recording medium in the mail slot, produces a 

corresponding output to the host computer 
which responds thereto by producing an inser- 
tion operation. 

is 30. A library apparatus according to claim 28, further 
comprising: 

a switch operable by a user of the apparatus; 
and 

20 in the first mode, the tray control unit is respon- 

sive to actuation of the switch when the tray is 
in the closed position for moving the tray to the 
limited open position to receive an identified 
recording medium in the mail slot and is 

25 responsive to actuation of the switch when the 

tray is in the limited open position for moving 
the tray to the closed position. 

31. A library apparatus according to claim 30, further 
30 comprising: 

a sensor sensing a presence of a recording 
medium in the mail slot, in the closed position 
of the tray, and issuing a corresponding detec- 

35 tion signal output; 

the host computer, in response to the detection 
signal output, issuing a moving command to 
the accessor designating the mail slot as a 
source location and designating a further slot 

*o of the tray, respectively assigned to the identi- 

fied recording medium in the mail slot, as a 
destination location; and 
the accessor responding to the moving com- 
mand to convey the identified recording 

45 medium from the respective slot of the tray, 

assigned to the identified recording medium, 
and to the mail slot. 

32. A library apparatus according, to claim 31, further 
so comprising: 

a timing unit establishing a prescribed time 
interval after movement of the tray to the mail 
slot access position and. in the absence of 
55 actuation of the switch within the prescribed 

time, issuing an error signal; and 
the host computer, in response to the error sig- 
nal, controlling the tray control unit to move the 
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tray to the closed position thereof in the hous- 



ing. 



33. A method of operating a library apparatus compris- 
ing a housing and a tray having a plurality of individ- 
ually assignable storage locations for respectively 
storing a plurality of replaceable, individually identi- 
fied recording media, at least one storage location 
comprising a mail slot, the tray being selectively 
moveable to a closed position within the housing 
affording access, within the housing, to the storage 
locations of the tray and any recording media stored 
therein and to a limited open position affording 
access, exteriorally of the housing, to the mail slot, 
comprising the steps of: 

defining moving commands, each moving com- 
mand identifying a recording medium and des- 
ignating source and destination locations 
between which the identified recording medium 
is to be conveyed; 

in an insertion operation, moving the tray to the 
limited open position thereof for inserting an 
identified recording medium into the mail slot 
and moving the tray, with the identified record- 
ing medium inserted in the mail slot, to the 
closed position thereof, and, when the tray is in 
the closed position with an identified recording 
medium inserted in the mail slot, issuing a 
moving command designating the mail slot as 
the source of the identified recording medium 
and the respective, assigned storage location 
thereof in the tray as the destination thereof 
and conveying the identified recording medium 
from the mail slot to the respective, assigned 
storage location thereof; and 



in an ejection operation, jssuing a moving 
command identifying the respective, 
assigned storage location in the tray as the 
source of the identified recording medium 
to be ejected and the mail slot as the des- 
tination thereof and conveying the identi- 
fied recording medium to be ejected to the 
mail slot and, with the recording medium to 
be ejected in the mail slot, moving the tray 
to the limited open position for removal 
from the mail slot of the recording medium 
to be ejected and thereby to complete the 
ejection operation. 



34. A method according to claim 33 wherein the library 
apparatus further comprises a display unit, the 
method further comprising producing a display on 
the display unit indicating to a user the identity of a 
recording medium to be inserted by the user into 
the mail slot, in the limited open position of the tray. 
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35. A method according to claim 34, the library appara- 
tus further comprising a switch operable by the user 
of the apparatus to indicate the insertion of the 
identified recording medium into the mail slot in the 
limited open position of the tray, the method further 
comprising, in response to actuation of the switch 
by the user and in the limited open position of the 
tray, moving the tray to the closed position of the 
tray within the housing. 

36. A method according to claim 35, further corrprising: 

establishing a prescribed time interval after 
movement of the tray to the mail slot access 
position; and 

in the absence of actuation of the switch within 
the prescribed time interval, moving the tray to 
the closed position thereof in the housing. 

37. A method according to any of claims 33 to 36, fur- 
ther comprising: 



in a recording media exchange operation, issu- 
ing a moving command to the accessor to con- 
vey an identified recording medium, currently 
stored in the respective, assigned storage loca- 
tion thereof and to be "ejected, to the mail slot 
and moving the tray with the identified record- 
ing medium currently stored in the mail slot, to 
the limited open position thereof for removal of 
the currently stored, identified recording 
medium therefrom to complete the ejection of 
same and for insertion of a new, commonly 
identified recording medium into the mail slot; 
and 

with the new, commonly identified recording 
medium inserted in the mail slot, moving the 
„trayjo,the,closed position thereof and issuing a 
moving command to the accessor designating 
the mail slot as the source of the new, com- 
monly identified recording medium and the 
respective, assigned storage location thereof in 
the tray as the destination thereof and convey- 
ing the new, identified recording medium into 
therrespective, ~ assigned- ^storage location 
thereof, in exchange for the ejected and com- 
monly identified storage medium. 
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38. A method according to claim 37, the library appara- 
tus further comprising a switch operable by the user 
of the apparatus to indicate the insertion of the 
identified recording medium into the mail slot in the 
limited open position of the tray, the method further 
comprising: 

in response to actuation of the switch by the 
user and in the limited open position of the tray, 
moving the tray to the closed position of the 
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tray within the housing. 

39. A method according to claim 38, further comprising : 

establishing a prescribed time interval after 
movement of the tray to the mail slot access 
position and, in the absence of actuation of the 
switch within the prescribed time interval, mov- 
ing the tray to the closed position thereof in the 
housing. 

40. A method according to any of claims 33 to 39, hav- 
ing a first mode in which the tray is moved to the 
limited open position and a second mode in which 
the tray is moved to a fully opened position in which 
all storage locations of the tray are accessible exte- 
riorally of the housing, the method further compris- 
ing: r 

in the second mode, and in the fully opened 
position of the tray, selectively inserting identi- 
fied recording media into the respectively 
assigned storage locations. 



position of the tray, sensing a presence of a 
recording medium in the mail slot, and, in 
response, issuing a moving command desig- 
nating the mail slot as a source location and 
5 designating a further slot of the tray, respec- 

tively assigned to the identified recording 
medium in the mail slot, as a destination loca- 
tion; and 

conveying the identified recording medium, in 
10 accordance with the moving command, from 

the respective slot of the tray assigned to the 
identified recording medium and to the mail 
slot. 

is 44. A method according to claim 42, further comprising: 

establishing a prescribed time interval after 
movement of the tray to the limited open posi- 
tion; and 

20 in the absence of actuation of the switch within 

the prescribed time interval, moving the tray to 
the closed position thereof in the housing. 



41 . A method according to claim 40, further comprising: 25 



in the first mode of operation with the tray in the 
closed position and in relation to a moving 
command in which the mail slot is designated 
as a source, determining whether a recording 30 
medium is absent or present in the mail slot 
and, if absent, moving the tray to the limited 
open position for insertion of an identified 
recording medium into the mail slot and, if 
present, moving the detected, identified record- 35 
ing medium to the respective, assigned storage 
location of the tray to corrpiete the insertion 
operation.^ 



42. A method according to claim 40, the library appara- 
tus further comprising a switch operable by a user 
of the apparatus to indicate the insertion of an iden- 
tified recording medium into the mail slot, the 
method further comprising: 
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in the first mode and when the tray is in the 
closed position, in response to actuation of the 
switch, moving the tray to the limited open posi- 
tion for receiving an identified recording 
medium in the mail slot; and 
in the first mode and when the tray is in the lim- 
ited open position, in response to actuation of 
the switch, moving the tray to the closed posi- 
tion. 

43. A method according to claim 42, further comprising: 
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in the first mode of operation and in the closed 
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